Neurodevelopment: A Novel Role for Activity in Shaping Retinal Circuits
The number of synaptic inputs onto retinal bipolar cells is influenced by transmitter release from neighboring bipolar cells, implicating a new form of population-based retrograde plasticity in the development of these neural circuits.
Juliana M. Rosa 1 and Marla B. Feller 1,2, * In the developing nervous system, synaptic activity is thought to guide dendritic arborization, axonal territorial arrangement and synaptic connections. The retina offers an attractive model to study such developmental refinement because of its laminar organization and its well-established synaptic connections [1] . A study by Johnson and Kerschensteiner in this issue of Current Biology [2] addresses the intriguing question of how the axonal activity of a bipolar cell subtype, and its homotypic neighbor cells, influences its dendritic development in the mammalian retina, demonstrating a form of retrograde plasticity.
Retrograde plasticity describes the phenomenon in which synaptic input strength is altered in response to changes in synaptic output [3, 4] . For example, in the developing Xenopus visual system, long-term potentiation of retinotectal synapses, where retinal ganglion cells transmit their output to cells in the optic tectum, induces strengthening of bipolar cell to ganglion cell synapses, where bipolar cells provide input to these ganglion cells. Furthermore, retrograde signaling may contribute to the activity-dependent refinement of retinal circuits. Long-term potentiation at retinocollicular synapses, where ganglion cells synapse onto cells in the optic tectum, alters stratification of bipolar cell axons and ganglion cell dendrites in the inner plexiform layer [5] .
Johnson and Kerschensteiner investigated retrograde signaling within the mouse retina. They used lines of transgenic mice in which the light chain of tetanus toxin (TeNT) is expressed under the control of the Grm6 promoter, and therefore is confined to the axon terminals of ON bipolar cells, which depolarize in response to an increase in light intensity [6] . TeNT is a bacterial protein that cleaves the vesicle associated membrane protein 2 (VAMP2) and thus inhibits synaptic transmitter release. Using electroretinogram recordings (ERGs), the authors showed that TeNT expression blocks synaptic release from bipolar cell axons without affecting release from the photoreceptors that synapse onto these bipolar cells.
To determine how synaptic output from bipolar cell axons in the inner retina affects the development of synaptic input to these bipolar cells, the authors compared the development of a single type of bipolar cell, the type-6 bipolar cell (B6), in three transgenic mouse lines ( Figure 1A,B Figure 1B,C) . However, these B6s form fewer synapses with postsynaptic retinal ganglion cells, supporting previous reports that glutamate release regulates synaptogenesis in this specific subtype of bipolar cell (though not in others) [6] [7] [8] . Since this decrease in synaptic contacts also occurred for B6s surrounded by active neighbors, it indicates that a non-competitive mechanism guides the activitydependent axonal synaptogenesis in bipolar cells. These findings agree with a recent study that used similar genetic manipulations to study the role of synaptic competition in the development of B6 synapses onto a specific retinal ganglion cell subtype [7] .
Does the loss of synaptic activity in bipolar cell axons influence the development of B6 dendrites? Most studies have focused on the role of afferent activity in the development of bipolar cell dendrites. Though different bipolar cell subtypes follow distinct developmental programs [9] , the stratification and branching patterns of their dendrites develop normally even in the presence of extreme manipulations, such as in mice lacking cone photoreceptors [4] or horizontal cells [10] . Here the authors observed that B6 dendrites in TeNT sparse mice also display normal morphology but their dendrites contact fewer cones. Moreover, these dendrites seemingly compensate for their decrease in synapse number by increasing the size of their synaptic contacts. Interestingly, synaptically active B6s whose neighbors are also synaptically active (WT) recruit the same number of cone inputs as synaptically silent B6s whose neighbors are synaptically silent (TeNT). These results led the authors to propose a model in which activitydependent competition between the axons of neighboring bipolar cells affects the number of synaptic inputs onto a B6 ( Figure 1D ).
Unlike the B6 dendrites in TeNT sparse mice, those in TeNT patchy mice expand and contact more cones ( Figure 1B,C) . The rewiring of inputs onto these B6 dendrites causes the spatial receptive field of its postsynaptic ganglion cell to remain similar to that of WT ganglion cells. Axonal reconstructions of B6s in the TeNT patchy mice reveal normal axonal stratification and branching, but the distribution of axonal synapses was not assessed. Therefore, the effect of silent neighbors in the synaptogenesis of the active cell is not explored here ( Figure 1C ). However, a recent study showed that in the absence of active neighbors B6s increases synaptic contact with their postsynaptic partner [8] .
What factor provides the retrograde signal for the B6 bipolar cells? Since TeNT expression prevents glutamate release, the authors propose that glutamate itself could serve as the retrograde signal. Alternatively, brain-derived neurotrophic factor (BDNF) has been implicated as a retrograde messenger at several synapses in the developing visual system [11] , including the photoreceptor-bipolar cell synapse [12, 13] and various synapses with retinal ganglion cells [5, 14, 15] . Another possible candidate is nitric oxide, which functions as a retrograde messenger that modulates signaling in the adult retina [16, 17] but whose role during development has not been fully explored.
This study contributes to a growing literature elucidating the mechanisms by which early neural activity influences the formation of retinal circuits. A major theme emerging from this body of work is that not only does activity work through diverse mechanisms, but each microcircuit within the retina uses a different set of strategies. For example, 
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in in in in in in in in n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n na a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a al circuits emerging prior to the onset of vision may use spontaneous activity, while those emerging later may require visual experience to reach their mature state [18] . This diversity of strategies moves the debate from does activity play a role or not, to why some circuits are 'hard-wired' while others are influenced by experience. This work also provides new insights into how activity influences the organization of synapses between two neurons. Future work based on super-resolution or electron microscopy (for examples, see [19, 20] ) is likely to provide a deeper understanding of how precise synaptic structures emerge during development. Budding biologists begin their genetics education by learning about the laws of inheritance proposed by Gregor Mendel, including the tenet that two alleles will randomly segregate from each other during the production of gametes and will be equally represented in the next generation. It is the near-universality of these 'laws' that has driven researchers to investigate any violations of random Mendelian inheritance for over 70 years [1, 2] . New research that appears in this issue of Current Biology now provides compelling evidence for a widespread mechanism employed by some Mendelian scofflaws [3] .
Violations of Mendel's laws come in two flavors. In the first, gametes representing different alleles are produced at equal frequencies during meiosis. However, selfish elements found on some chromosomes can 'poison' either gametic development or embryonic viability, ensuring their own evolutionary success at the expense of other chromosomes. Such post-meiotic dysfunction is seen in the Segregation Distorter system of Drosophila, the t-haplotype of mice, and the spore-killers of fungi [1, 2] .
A second violation of Mendelian inheritance occurs when selfish elements subvert the process of chromosome segregation. In female meiosis in plants and animals, only one meiotic product out of four becomes incorporated into the egg while the other three are discarded in polar bodies. Mendelian inheritance results when both homologous chromosomes are randomly represented in the egg. However, if a selfish element is able to skew the process of chromosome selection for the egg in its own favor, this results in biased inheritance known as meiotic drive [4] .
